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ABSTRACT 
(Confidential) 

The  Naval  Research  Laboratory  Is  serving  as  technical  directors  of 
the  Navy's  Air  to  Air  Missile  Study.  The  results  are  presented  in  a 
series  of  volumes  'onder  NHL  Memorandum  Report  J^k.  This  volume  is  the 
thiarteenth  in  the  series.  The  study  to  date  has,  been  primarily  concerned 
with  the  system  employing  the  P4h-1  aircraft,  the  AN/APQ-72  radar  and  the 
Sparrow  III6b  missile.  This  volume  represents  a  continuation  of  the  study 
results  presented  in  preceding  volumes. 


PROBLEM  STATUS 

This  is  an  interim  report;  work  on  the  problem  is  continuing. 


AUTHORIZATION 

NHL  Problem  53S<03-0k 
BW'TSPS  No.  EL-i*a001 
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SUMMARY  OF  NAVY  STUDY  PROGRAM  FOR  f4h-1  WEAPON  SYSTEM 
INTRODUCTION 

The  Bureau  of  Naval  Weapons  has  contracted  with  the  Naval  Research 
Laboratory  to  conduct  system  studies  directed  toward  establishing  the 
tactical  use  capability  of  the  Navy's  Air  to  Air  Missile  Systems.  These 
studies  are  conducted  under  the  technical  direction  of  the  Naval  Research 
Laboratory  with  all  inputs  derived  from  Navy  sources.  To  date  study 
effort  has  been  primarily  directed  toward  revealing  the  tactical  use 
capability  of  the  F4ir-1  weapon  system.  In  support  of  this  effort,  NRL 
has  contracted  with  Westinghouse  Air  Arm  Division  for  analytical 
services.  Recommendations  and  conclusions  to  be  drawn  from  analytical 
results  are  a  Navy  responsibility,  and  in  particular  the  responsibility 
of  the  technical  directors  (NRL) .  This  report  is  the  thirteenth  in  a 
series  directed  toward  revealing  the  tactical  effectiveness  of  the 
f4h-1  Weapon  System. 

The  Navy  study  lias  been,  euid  will  continue  to  be,  a  cooperative 
effort.  Wherever  possible  duplication  has  been  avoided.  Input  data 
for  the  study  has  been  obtained  from  the  government  facilities  which 
most  logically  would  cover  the  particular  field.  For  example,  radar 
test  data  was  obtained  from  NATO,  Patuxent;  Sidewinder  performance  data 
has  been  obtained  from  NOTS,  Inyokem;  and  Sparrow  III  seeker  perfor¬ 
mance  data  has  been  obtained  fiom  NMC,  Pt.  Mugu.  In  addition,  the 
facilities  of  the  various  activities  have  been,  ■'n  effect,  pooled  so  ' 
that  special  talents  and  equipments  can  be  en^ployed.  The  results  of 
NMC,  Pt.  Mugu  simulator  studies  to  ascertain  the  allowable'  launch 
error  for  Sparrow  III,  and  the  effects  of  hydraulic  oil  limits  have 
been  incorporated  in  the  overall  study.  In  addition,  NMC  has  con¬ 
ducted  tests  to  verify  the  vectoring  accuracies  and  to  determine  if 
the  field  degradation  applied  to  AI  radar  detection  range  in  tills  study 
is  valid.  It  is  very  important  that  everyone  concerned  recognize  that 
a  study  such  as  this  must  be  a  team  effort.  It  Is  Just  as  important 
to  continue  this  team  effort  on  future  studies  under  the  Sparrow  IIl6b 
and  Eagle  program. 

The  study  results,  to  date,  hawe  been  presented  in  Volumes  I,  II, 

III,  IV,  VII,  VIII,  IX  X,  XI  and  Xll  of  this  series  (references  1 
thru  10).  The  study  effort  covered  by  Volumss  I,  II,  III,  IV,  VII, 

VIII,  IX  and  X  carries  the  system  through  to  Sparrow  IIl6a  missile  launch. 
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At  this  point  It  is  assumed  that,  if  the  initial,  aircraft  heading  errors 
can  be  reduced  to  an  acceptable  launch  error,  the  missile  will  fly 
perfectly  to  Impact  with  the  target.  The  probability  of  arrival  to 
missile  launch  results  presented  in  these  preceding  volumes  is  based 
upon  this  a6Bun5>tion. 

The  study  effort  covered  by  this  and  succeeding  volumes  is 
primarily  concerned  with  the  launch  and  missile  guidance  phases  of 
the  attack.  The  Investigation  of  these  phases  of  the  attack  has 
been  divided  into  three  parts  and  is  reported  on  in  the  same  fashion. 
These  three  parts  are: 

(1)  Investigation  of  the  tactical  effectiveness  of  the  F^-l 
System  when  employing  the  Sparrow  Illba  missile  as  defined  at  the 
start  of  the  Navy's  study.  This  missile  is  referred  to  throughout 
the  text  as  the  unimproved  Sparrow  lll6a. 

(2)  Investigation  of  the  sensitivity  of  system  performance  to 
Sparrow  IIl6a  parameter  variations. 

(3)  Investigation  of  the  tactical  effectiveness  of  the  f4h-1 
system  when  employing  the  Sparrow  IIl6a  missile  as  defined  today. 

This  missile  will  be  referred  to  as  the  improved  Sparrow  IIl6a. 

The  results  of  the  iiivestigation  of  part  (1)  are  detailed  in 
Volume  XI.  These  results  will  not  be  repeated  in  this  volume  except 
where  necessary  for  cross  referencing  purposes.  The  results  of  the 
Investigation  of  Part  (2)  are  detailed  in  this  volume.  A  succeeding 
volume  will  detail  the  Investigation  results  for  Part  (3). 

The  material  contained  in  this  memorandum  is  Intended  primarily 
for  Bureau  information.  As  agreed  during  the  contract  negotiation 
phases,  except  for  government  activities,  all  distribution  will  be 
handled  through  Bureau  channels. 

STUDY  PROCEDURE 

In  preceding  volumes  thru  Volume  X,  the  investigation  of  the 
tactical  use  capability  of  the  f4h-1  Weapon  System  was  restricted  to 
those  phases  of  the  attack  prior  to  missile  launch.  The  interceptor 
aircraft  (Including  pilot,  radar  operator  and  displays)  target. 
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vectoring  environment,  and  missile  launching  equations  were  simulated. 
Many  possible  tactical  situations  were  examined.  If  the  f4h-1  Weapon 
System  arrived  at  a  point  within  the  allowable  launch  ranges  and  launch 
error,  "he  missile  was  assumed  to  behave  perfectly  when  launched.  From 
the  many  situations  examined,  the  probability  of  successful  arrival  to 
missile  lavmch  was  developed  for  each  type  of  attack.  The  study  effort 
cowered  by  Volumes  XI  and  XII  (references  9  and  10)  extends  the  work 
described  in  previous  volumes  to  include  missile  launching  and  missile 
guidance  to  impact  or  miss  at  the  target  for  the  unimproved  Sparrow  IIl6a 
missile.  The  results  presented  previously  form  the  basis  for  the  input 
conditions  of  this  launch  and  guidance  investigation.  Typical  attack 
conditions  were  examined.  The  results  were  then  presented  in  terms  of 
hit  or  miss  at  the  target  for  each  run  examined. 

The  results  of  the  study  of  the  system  utilizing  the  unlnqiroved 
Sparrow  IIl6a  missile  were  such,  particularly  in  differential  altitude 
attacks,  that  changes  in  missile  performance  were  indicated.  Further, 
work  going  on  at  Raytheon  indicated  that  such  changes  were  indeed  under¬ 
way.  It  thus  became  important  at  this  point  in  the  study  program  to 
examine  the  effect  of  several  missile  parameter  variations. 

INPUT  DATA 

Sparrow  IIl6a  Missile 

The  missile  used  in  this  phase  of  the  investigation  is  the  same  as 
that  described  in  Volume  XI  (reference  9)  except  that  the  following 
three  parameters  will  be  varied: 

(1)  English  bias. 

(2)  Variation  of  total  impulse. 

(3)  Variation  of  missile  wing  unlock  time. 

Radar  Analyses 

The  AI  radar  performance  used  in  this  phase  of  the  study  corresponds 
to  that  predicted  for  the  AN/APQ-72(XN-3) •  The  855^  probability  of 
detection  range  for  this  radar  sigainst  a  B-Ut  size  target  flying  at  M  1.6 
at  50,000  ft  where  Vt/Vp=0.6  Is  shown  by  Fig.  1  of  reference  9.  Head-on 
this  radar  has  an  85^  probability  of  detection  at  approximately  19  n.ml 
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when  the  expected  10  db  of  field  degradation  is  used.  The  radar  has 
glrabal  limits  of  i  57°  in  azimuth  and  elevation.  It  is  currently  esti¬ 
mated  that  these  gimbal  limits  will  actually  be  t  60°.  This  change  has 
not  been  incorporated  in  the  study  to  date,  A  B-*+7  size  target  is  used 
throughout  this  study. 

Aircraft  Analyses 

The  basic  performance  of  the  f4h-1  aircraft  has  been  detailed  in 
Volumes  I  thru  IV  of  this  series.  Changes  in  this  performance  have 
occurred  during  the  study  period  covered  by  this  report .  However^ 
these  changes  have  not  resulted  in  significant  changes  in  system 
analyses  results.  Details  of  the  performance  changes  which  have  occurred 
and  which  are  now  being  used  in  the  simulation  program  are  given  in 
Volume  XII  of  this  series  (reference  10). 

INVESTIGATION  OP  EFFECT  OF  MISSIIE  PARAMETER  VARIATIONS 

English  Bias  Removal 

The  first  parameter  change  investigated  was  that  of  "English  Bias" 
removal.  This  term  relates  to  a  bias  inserted  into  the  guidance  loop 
of  the  Sparrow  III  missile  while  still  on  the  aircraft  such  that  when 
launched  the  missile  will  attempt  to  fly  to  the  correct  course,  regardless 
of  aircraft  altitude,  prior  to  locking  on  the  target.  A  complete  descrip¬ 
tion  of  this  bias  and  the  way  it  is  mechanized  is  given  in  the  section 
entitled  "Head  Slaving"  in  the  appendix  to  Volume  XI  (reference  9) •  The 
question  was  asked  "Does  the  use  of  English  bias  really  Improve  system 
performance^ "  The  following  limited  investigation  attempts  to  answer 
this  question. 

Table  I  gives  the  results  when  the  missile  is  launched  with  and 
without  "English  Bias."  The  results  given  on  this  table  for  the  missile 
with  "English  Bias"  are  repeats  of  information  for  the  miss  distance 
evaluation  of  the  unimproved  Sparrow  III 6a  given  in  Volume  XI  (reference  9) • 
Column  1  of  this  table  gives  the  family  number  used  for  reference 
purposes  and  corresponds  to  the  same  family  number  as  given  in  reference  9- 
Column  2  gives  the  box  in  the  probability  grid  from  which  the  intercept 
courses  were  initiated.  A  complete  description  of  this  probability  grid 
and  the  weighting  factors  associated  with  each  box  is  given  in  reference  9* 
Column  3  gives  the  interceptor  altitude  when  pull-up  was  Initiated.  The 
range  interlock  condition  for  missile  launch  is  given  by  Column  4, 
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The  investigation  of  the  effects  of  removing  English  bias  was 
restricted  to  Rmax  (maximum  aerodynamic  range)  launches.  Column  5 
gives  the  noise  sample  employed.  The  number  given  indicates  the 
point  on  the  noise  distribution  used  for  starting  the  run.  A 
complete  description  of  the  noise  employed  in  the  simulation  is 
given  in  reference  9.  Column  6  indicates  whether  English  bias 
was  employed  (in)  or  not  employed  (out)  on  the  missile  flights. 

Column  7  compares  the  resulting  miss  distances.  The  last  three 
columns  give  the  geometrical  components  of  the  miss  distance.  Referr¬ 
ing  to  Column  7  i't  la  seen  that  with  few  exceptions  the  miss  distance  was 
reduced  drastically  when  "English  bias"  is  employed.  It  is  obvious, 
even  fi’oni  this  limited  study,  that  "English  bias"  does  materially 
Improve  the  overall  system  performance. 

Variation  of  Total  Impulse 

At  various  times  during  the  Navy  Air  to  Air  Missile  Study  Program 
different  estimates  have  been  made  for  the  total  Impulse  of  the 
Sparrow  III  missile.  The  work  detailed  in  preceeding  volumes  of  this 
report  was  for  the  most  part  accon5)li8hed  utilizing  a  missile  having 
a  total  impulwe  of  l4, 6OO  lb-sec.  This  corresponds  to  a  missile  whose 
average  velocity  above  that  of  the  launching  aircraft  velocity  is 
Vq  =  (too  1+0. 41(1-P/P3^  vrhere  Vq  =  average  incremental  velocity, 

P  »  pressure  at  altitude  and  P^l  =  pres+ure  at  sea  level.  Other  estimates 
give  a  total  impulse  of  ^ ,000  lb-sec  and  23,000  lb-sec  (Sparrow  IIl6b) . 
These  correspond  to  Vq  =jll00  1+0. 3(l-P/P3i2l  and  Vo  =[1300  l+0.3(l-P/PSLj 
Because  of  tuese  different  estimates  it  becomes  of  interest  to  determine 
the  resulting  effect  on  system  performeuice . 

This  phase  of  the  study  varies  total  impulse  with  all  other  para¬ 
meters,  except  missile  weight  unchanged.  The  missile  weight  was 
increased  to  include  the  additional  propellant-  weight  considering  that 
specific  impulse  remains  constant.  The  results  obtained  are  given  on 
Table  II.  The  purpose  of  this  Investigation  was  to  establish  the  effect 
on  miss  distance  of  varying  total  impulse  while  holding  all  other  values 
constant  with  one  exception;  the  steering  error  was  allowed  to  vary 
consistent  with  the  new  Vq.  Referring  to  Columns  7  sukI  8  of  Table  II 
it  is  seen  that  the  launch  arange  and  altitude  is  essentially  constant 
(within  programming  limits) .  The  first  five  columns  of  this  table  give 
initial  conditions  and  are  the  same  as  those  given  previously  in 
Volume  XI  (reference  9)  for  Families  2  and  32.  Two  noise  samples  for 
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each  total  impulse  condition  was  Investigated  (Column  6),  Column  9  gives 
the  total  impulse  employed.  The  steering  errors  (azimuth  and  elevation) 
at  launch  are  given  by  Columns  10  and  11.  The  last  four  columns  of  this 
table  give  the  resulting  overall  euid  miss  distance  components.  Referring 
to  Column  12  it  is  seen  that  from  this  limited  investigation  there  is  no 
significant  improvement  obtained  by  increasing  total  impulse  while  holding 
all  other  conditions  fixed.  In  addition,  there  is  no  clear  trend  as  to 
the  overall  effect  of  changing  total  impulse.  On  the  basis  of  this  very 
limited  investigation  it  would  appear  that  17,000  lb-sec  total  impulse  is 
as  good  as  any  other  cholse  for  this  configuration. 

Variation  of  Wing  Unlock  Time 

In  this  phase  of  the  study  the  effects  of  varying  missile  wing 
unlock  time,  while  holding  all  other  parameters  constant,  was  Investigated. 
In  all  areas  of  the  study  reported  to  this  point  the  wing  unlock  time  was 
held  constant  at  0.4  seconds  from  the  beginning  of  the  ejection  stroke. 

Two  other  values  are  investigated  here  (0.8  and  1.1  seconds). 

The  results  obtained  are  given  on  Table  III.  The  purpose  of  the 
first  five  columns  is  to  establish  the  initial  conditions  for  this  phase 
of  the  investigation.  It  is  seen  that  four  families  (given  previously  in 
reference  $)  rytere  examined.  For  each  of  these  families  two  noise  samples 
were  examined  (Colxmin  6) ,  Column  7  gives  the  range  interlock  condition 
(all  runs  examined  were  R^nv  launches).  The  launch  altitude  is  given  by 
Column  8.  The  variable  of  interest  is  shown  on  Column  9  (wing  unlock  time). 
The  next  two  columns  give  the  steering  errors  at  launch.  The  last  four 
columns  give  the  resulting  overall  and  miss  distance  components.  Referring 
to  these  lar"  four  columns  it  is  seen  that  no  clear-cut  trend  is  evident 
as  far  as  ..’j-ng  unlock  time  is  concerned.  Increasing  the  wing  unlock  time 
over  that  emp3.oyed  at  the  time  of  this  study  (0.4  sec)  does  not  decrease 
miss  distance. 

REMAINirr,  STUDY  EFFORT 

The  details  given  in  this  report,  describe  the  second  part  of  the 
concluding  phase  of  the  Navy's  Air  to  Air  Missile  Study  as  related  to 
the  system  employing  the  Sparrow  IIl6a.  It  is  anticipated  that  four 
additional  reports  will  be  Issued  on  the  results  of  this  study.  The 
first  will  give  a  miss  distance  results  for  the  improved  (current) 

Sparrow  IIl6a.  The  second  will  detail  the  simulation  techrdques  used  in 
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the  pull-up  attack  InvestlgatloQ.  Tbe  third  will  detail  parameter  varia¬ 
tions  encountered  In  the  missile  simulation  and  the  fourth  viU  he  a 
formal  report  sunoariting  the  results  obtained  in  the  entire  study  of 
the  system  employing  the  Sparrow  IIZ6a.  There  will  be  a  continuing 
effort  directed  toward  employing  the  results  in  the  developing  and  test¬ 
ing  of  the  system.  When  applicable,  memorandum  reports  will  be  issued 
detailing  this  effort. 

CONCLDBIOIIS  AND  RBCOiaiENIMTIQHB 

1.  A  limited  investigation  of  the  effect  of  "English  Bias"  removal 
on  pull-up  attack  results  Indicates  the  necessity  for  some  form 
of  pre-lock  guidance. 

2.  A  limited  investigation  (2  runs  for  each  of  two  conditions,  see 
Table  II)  of  the  effect  on  increasing  total  impulse  indicated  no 
significant  Improvement  In  miss  distance  In  pull-up  attack  results 
against  high  speed,  high  cU.tltude  targets.  It  appesirs  that 
17,000  Ib/sec  total  impulse  is  as  good  as  any  other  choice  for 
this  configuration. 

3.  A  limited  investigation  of  the  effect  on  pull-up  attack  results 
of  varying  missile  wing  unlock  time  reveals  no  reduction  in  miss 
distance  with  Increase  in  the  unlock  time  over  that  currently 
employed  (0.4  see). 
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